A novel carbon composite was prepared from a mixture of coffee waste and clay with inorganic:organic ratio of 1.3 (CC-1.3). The mixture was pyrolysed at 700 °C. Considering the application of this adsorbent for removal of anionic dyes, the CC-1.3 was treated with a 6 mol L −1
Introduction
Textile industries vastly employed synthetic dyes for fabric coloration. This group of reactive dyes made up ca. 30% of dyes used in the textile industry. 1 During manufacturing process of fabrics, between 10 and 60% of these dyes are lost, leading to generation of colored wastewater. 2 The dyecontaminated wastewater emanating from textile industries is unfriendly to aquatic living organisms; it reduces light penetration in water, thereby lessens photosynthetic rate of aqueous flora. 3 Most dyes are carcinogenic, toxic and mutagenic; 4, 5 they negatively affect the environment. 6 Reactive dyes have complex aromatic molecular-structure, therefore, treatment of effluents containing reactive dyes is a difficult task. 7 This feature makes reactive dyes more stable and non-biodegradable. 8 In consequence of global strict regulations, 1 wastewaters coming from the textile industries must be decolored before they are released into the environment or water bodies. 9, 10 In this regard, there have been a search and demand for eco-friendly technologies to remove dyes from wastewater. 11 Adsorption process is one of the valuable technologies for removal of synthetic dyes from wastewaters. 12, 13 Apart from availability of low cost adsorbents, adsorption is an effective and a simple technology, therefore, preferable to other technologies. [14] [15] [16] [17] [18] Adsorption is a process in which pollutants are transferred from the effluent to a solid phase, thereby reducing the bioavailability of the hazardous pollutants to living organisms. 15, 19 Coffee is one of the beverages widely consumed in the world. It is estimated that about 6.8 billion kg of coffee wastes are generated in the world. 20 Accumulation as well as decomposition of coffee waste has led to generation of various chemicals and microorganisms that can contaminate the environment. Therefore, it is important to find industrial applications for this waste to avoid environmental disasters. Vol. 26, No. 5, 2015 Carbon composites were prepared from coffee waste and inorganic components. The preparation was done to improve the adsorption capacity of the adsorbent for removal of dyes compared to coffee-waste carbonised materials alone 21, 22 or only clay. 23 In a previous paper, 24 our research group proposed preparation of carbon composite adsorbents for adsorption of C.I. Reactive Orange 16 (RO-16) and C.I. Reactive Red 120 (RR-120) dyes from the aqueous effluents. The carbon composite material was prepared from a mixture of inorganic components (71.5% red mud + 21.5% lime + 7.0% KOH) and coffee waste (organic material). The carbon composite materials with inorganic:organic ratio of 1.9 and 2.2 exhibited highest removal of the dyes. The carbon composite material showed higher sorption capacity than only carbonised coffee waste and red mud alone. 24 Due to high sorption capacity and efficiency demonstrated by carbon composite materials, it is interesting to investigate other inorganic compositions, and different inorganic to organic ratios. In the current manuscript, new carbon adsorbent materials with the inorganics (71.5% bentonite (BT) + 21.5% lime + 7.0% KOH) and coffee waste (organic agent) are proposed. Carbon composites with the inorganic to organic ratios ranging from 1.0 to 2.2 were prepared and used as adsorbents in the present study.
In this work, BT was used instead of red mud because BT will not release high contents of iron and titanium when treated with a 6.0 mol L −1 HCl. 24 Similarly, BT is resistant to acidic solutions (HCl treatment).
Preliminary experiments revealed that the carbon composite with inorganic:organic ratio of 1.3 (CC-1.3) gave better adsorption capacity for removal of reactive blue 19 (RB-19) and reactive violet 5 (RV-5) textile dyes from aqueous solutions. CC-1.3 was treated with a 6 mol L −1 HCl to investigate the improvements in the textural characteristics of the carbon composite material. Calcium carbonate in the lime was leached to improve the textural characteristics of the adsorbent (ACC-1.3). The CC-1.3 and ACC-1.3 were used for removal of RB-19 and RV-5 dyes from aqueous solutions. Effect of pH of dye solutions, kinetic study, equilibrium study and thermodynamics of adsorption were carried out on CC-1.3 and ACC-1.3. The adsorbents were also used for treatment of different simulated dye-house effluents.
Experimental

Solutions and reagents
Hydrochloric acid and NaOH were purchased from Vetec (Rio de Janeiro, Brazil) with analytical grade purity and used without further purification. BT Deionised water was used to prepare all solutions. The textile dyes, C.I. Reactive Blue 19 (RB-19; λ max = 594 nm; see Figure S1 in the Supplementary Information (SI) section) at 80% purity and C.I. Reactive Violet 5 dye (RV-5, λ max = 545 nm; see Figure S2 ) at 85% purity, were supplied by Sigma-Aldrich (St. Louis, M.O. USA). The preparation of stock solution of the dye (1.00 g L −1 ) was done by accurately weighing a calculated amount of the dye and dissolving it in deionised water. The pH of the solutions was adjusted using a 0.10 mol L −1 sodium hydroxide solution and/or a 0.10 mol L −1 hydrochloric acid solution using Schott Lab 850 set pH meter.
Preparation and characterisation of carbon composites
The carbon composite adsorbents were prepared as described elsewhere. 24 Briefly, a 40.0 g of inorganic matrix (71.5% BT + 21.5% lime + 7.0% KOH) was added to a 52.0 g of coffee waste, and subsequently mixed with water to form a homogeneous paste. This proportion gave an inorganic:organic weight ratio of 1.3 (CC-1.3). The paste was transferred into a mould disc, 24 subsequently dried in an oven at 120 °C for 10 h. Afterwards, 8 dried discs were placed in a coiled stainless reactor under argon atmosphere at 100 mL min −1 . The reactor inside the tubular furnace was then heated at 20 °C min −1 up to 700 °C, and kept at this temperature for 30 min. Afterwards, the carbon composite was cooled down to a room temperature under argon. After all these processes, the carbonised discs were milled, sieved and stored until use. This carbon composite adsorbent was labelled as CC-1.3. Other carbon composites with the inorganic:organic ratio of 1.0 (CC-1.0); 1.6 (CC-1.6); 1.9 (CC-1.9); 2.2 (CC-2.2) were prepared using the same procedure. A carbonised reference material without inorganic compounds (C-0) was also prepared while BT material without carbon fraction was named as BT.
In a bid to improve the textural characteristics of carbon composite, a 5.0 g of CC-1.3 was placed in a 500 mL beaker, a 200 mL of a 6 mol L −1 HCl was added and the slurry mixture was agitated on a magnetic stirrer. The slurry was kept at 70 °C for 2 h and the mixture was filtered under vacuum using 0.45 µm membrane in a polycarbonate system. The solid material was washed thoroughly with HCl solution (0.5 mol L −1 ) to remove inorganic ions from the carbon composite. The acid-treated carbon composite (ACC-1.3) was oven-dried at 110 °C for 5 h. Scanning electron microscopy (SEM), (JEOL microscope, model JSM 6060, Tokyo, Japan) was used for characterisation of the CC-1.3 and ACC-1.3.
The CC-1.3 and ACC-1.3 adsorbents were also characterised using Fourier transform infra-red spectroscopy (FTIR) (Shimadzu Spectrometer, IR Prestige 21, Kyoto, Japan).
The N 2 adsorption-desorption isotherms of CC-1.3 and ACC-1.3 were done at liquid nitrogen boiling point (−196 °C) using a surface analyser (Micromeritics Instrument, TriStar II 3020). 25 T h e r m o g r av i m e t r i c ( T G A ) a n d d e r iva t ive thermogravimetric (DTG) curves of CC-1.3 and ACC-1.3 were obtained on a PG Instruments model SDT Q600 with a heating rate of 10 °C min −1 at 100 mL min −1 of a nitrogen flow. Temperature was varied from 20 °C to 1100 °C. 24 The CC-1.3 and ACC-1.3 were also characterised using X-ray diffraction (XRD) (Philips X'pert MPD diffractometer, Amsterdam, Netherlands) operating at 40 kV and 40 mA with Cu Kα radiation (λ = 1.5406 Å). 24 For determination of the point of zero charge (pH pzc ), a 20.00 mL of a 0.050 mol L −1 NaCl solution (with a previously adjusted pH; the pH (pH i ) values of the solutions were adjusted from 1.0 to 14.0 by adding a 0.10 mol L
−1
HCl and a 0.10 mol L −1 NaOH) was added to several 50 mL flat-bottom Falcon tubes containing a 50.0 mg of the adsorbent, which were immediately and securely capped. The suspensions were agitated in a thermostated shaker at 25 °C for 48 h for proper equilibration. The adsorbent was separated from the aqueous solution by centrifuging the suspensions at 15,000 rpm for 10 min. The pH i of the solutions without adsorbent were recorded. The final pH values (pH f ) of the supernatant after contact with the adsorbents were also recorded. The value of pH pzc is the point where the curve of ∆pH (pH f − pH i ) versus pH i crosses a line equal to zero. 9 
Batch adsorption studies
The batch adsorption experiments, to quantify the ability of CC-1.3 and ACC-1.3 composites to remove RB-19 and RV-5 dyes from aqueous solutions, were carried out in triplicate as described elsewhere. 24 The concentrations of the unadsorbed dyes in the solution were measured using visible spectrophotometer (T90+ UV-VIS spectrophotometer, PG Instruments, London, United Kingdom) using optical quartz cells. Absorbance measurements of RB-19 and RV-5 dyes were made at maximum wavelengths of 594 and 545 nm, respectively.
The amounts of dye removed by CC-1.3 and ACC-1.3 were calculated using equation 1. The percentage of removal was evaluated using equation 2.
where q is the amount of dye removed by the adsorbent in mg g
, C o is the initial dye concentration in contact with the adsorbent (mg L −1 ), C f is the final dye concentration (mg L −1 ) after the adsorption process, m is the mass of adsorbent (g) and V is the volume of dye solution (L).
Statistical evaluation of kinetic and isotherm parameters
A nonlinear method, with successive interactions calculated by the Levenberg-Marquardt method, was used to fit the kinetic and equilibrium data. Interactions were also calculated using the Simplex method based on the nonlinear fitting facilities of the Microcal Origin 9.0 software. The models were evaluated using a determination coefficient (R 2 ), an adjusted determination coefficient (R 2 adj ) and an standard deviation (SD). 26, 27 The SD is a measurement of the difference between the theoretical amount of dye removed by the adsorbent and the actual amount of dye measured experimentally. Equations 3, 4 and 5 are the mathematical expressions of R 2 , R 2 adj and SD, respectively.
q i,model is the individual theoretical value of q; q i,exp is the individual measured value of q; -q exp is the average of q measured experimentally; n is the number of experiments performed, and p is the number of parameters in the fitting model. 27, 28 Kinetic models Pseudo-first order (equation 6), 29 pseudo second-order (equation 7), 30 general order kinetic model (equation 8), 31 Vol. 26, No. 5, 2015 and intra-particle diffusion model (equation 9) 32 were employed to investigate and elucidate the kinetic studies.
( ) 
where q t and q e are the sorption capacities at any time and at equilibrium (mg g −1 ), respectively; k 1 is the pseudofirst order rate constant (h −1 ); k 2 is the pseudo-second order rate constant (g mg
; n is the order of adsorption kinetics (dimensionless); t is the time of contact between the adsorbent and adsorbate (h); k id is the intra-particle diffusion rate constant (mg g
); and C is a constant related to the thickness of boundary layer (mg g −1 ).
Equilibrium models
The equilibrium equations used in the present study are Langmuir (equation 10), 33 Freundlich (equation 11), 34 and Liu (equation 12).
where Q max is the maximum adsorption capacity of the adsorbent
while n F and n L are the Freundlich and Liu exponents (dimensionless), respectively.
Simulated dye-house effluents
Four synthetic dye-house effluents were prepared as depicted in Table 1 . Each synthetic dye-house effluent contained six representative textile dyes usually used for coloring fibres, and auxiliary chemicals that are largely used in the textile industries. It is known that about 10-60% 1 of synthetic dyes and 100% of the auxiliary chemicals are left in the spent dye bath, and the composition undergoes between 5-fold and 30-fold dilutions during the subsequent washing and rinsing stages. [9] [10] [11] 24, 26, 28, 31 
Results and Discussion
Preparation and characterisation of carbon composites
As earlier reported, 24 lime was included to avoid impregnation of the material with aqueous solution, which occurs in the preparation of chemically modified activated carbon. 36, 37 Lime gave garter between all the paste-forming solid components that were put in the discs. Apart from lime, potassium hydroxide and BT formed part of inorganics. Potassium hydroxide has already been used as an activating agent in the production of activated carbons, 38 and BT was used as adsorbent. 39, 40 The carbon material produced at this step was labelled as CC. In another step, CC was treated with a 6 mol L −1 HCl to remove calcium compounds in the CC carbon material. The inorganic components incorporated in the carbon material can hydrolysed the organic matrix and mediate the release of some volatile organic gases during the pyrolysis, thus weakening the particle of carbon material, which expands. 18, 39, 40 Contradictorily, the inorganic components of the carbon material occupy a volume inside the carbon matrix. This occupation inhibits the contraction of the carbon particle during the pyrolysis, thereby prevents the carbon material from being sintered. 39, 40 After acidic treatment, part of the inorganic component was leached from the carbon matrix, generating a carbon material with suitable porosity. 28, 36 Although chemically modified activated carbons are different from carbon composites, some similarities exist. The major difference is that the majority of the inorganic activating materials are leached from chemically modified activated carbon unlike the carbon composites proposed in this work. The inclusion of clay in our adsorbents is to improve sorption capacities. 24 Different adsorbents were tested for the removal of 150.0 mg L −1 of RB-19 and RV-5 dyes from aqueous solutions (see Figure S3 ). It was observed that the carbonised coffee waste (C-0) at 700 °C has the lowest percentage removal of dyes (30.60% for RB-19 and 28.84% for RV-5) among all adsorbents used in this study. Non-inclusion of inorganic components in the carbonisation of the coffee waste led to generation of huge amount of tar-oil that blocks the pores of the carbon material. The BT exhibited percentage removal of 40.62%, and 38.31% for RB-19 and RV-5 dyes, respectively. The BT and coffeewaste carbon composites showed minimal percentage removal of 64.32 and 60.74% for RB-19 and RV-5 dyes, respectively. The results showed that different carbonised mixtures of coffee waste and inorganic components have higher sorption capacities than BT and carbonized coffee waste alone. The highest percentage of dye removal was obtained with CC-1.3. Therefore, CC-1.3 was chosen to continue the rest of the experimental work.
The CC-1.3 carbon composite was treated with a 6.0 mol L −1 HCl to obtain ACC-1.3 adsorbent material; acidification improves the adsorption efficiency of CC-1.3. Both CC-1.3 and ACC-1.3 were characterised using analytical techniques.
The textural properties of respective CC-1.3 and ACC-1.3 obtained from nitrogen adsorption/desorption curves are superficial area (S BET ), 16.8 and 173 m 2 g −1 ; average pore radius (BJH), 13.91 and 5.12 nm; and total pore volume, 0.0473 and 0.170 cm³ g −1 . Figure S4 shows the graphs of BJH pore diameter distribution. Looking closely at these graphs, it can be seen that CC-1.3 has higher pore diameter than ACC-1.3. However, the two adsorbents possessed mesopores (pores with diameter 2-50 nm) that are capable of dye adsorption. 28 Comparison of the textural properties of CC-1.3 and ACC-1.3 showed that acidification produced an adsorbent (ACC-1.3) with better textural features for adsorption of dye. 28 The surface area and total pore volume of ACC-1.3 were increased by 10.3-fold and 3.6-fold, respectively, compared with CC-1.3. Higher adsorption capacity of ACC-1.3 can be attributed to the improvements in its textural features. Figure 1b) shows the presence of the two major intense peaks at 22.18° and 28.01° that correspond to respective (−2 0 2) and (0 0 4) reflections of phase calcium aluminium silicate phase. It was noticed that the calcite was eliminated in ACC-1.3 due to acidification. These data are in good agreement with the superficial area and total pore volume described above.
Figures 2a and 2b present the thermogravimetric profiles of CC-1.3 and ACC-1.3, respectively. The DTG curve of CC-1.3 shows just a steep decomposition step at 720 °C. Following DTG curves, the TG curves are divided into four parts. The first from 20 °C to 140 °C, a mass loss of 2.5% that is compatible with the loss of water. 3 The mass loss is only 2% from 140 °C to 540 °C that can be given to water molecules that were trapped in the carbonaceous matrix; a higher mass loss from 540 °C to 850 °C (14.0%) that is attributed to partial carbon skeleton decomposition. 41 Vol. 26, No. 5, 2015 A residual mass of about 78.2% at 1100 °C, which should be the inorganic fraction of the carbon composite and the other part of undecomposed organic compounds, was observed. Though the thermogravimetric profile of ACC-1.3 is different from that of CC-1.3 (see Figure 2b) , the final residual mass of ACC-1.3 is 75.7%. Three decomposition regions (92 °C, 246 °C and 648-723 °C) were observed on DTG curves of ACC-1.3. Following the DTG curves, the TG curves are divided into four parts. From 10 °C to 120 °C, the mass loss of 8.2% is given to water molecule. The humidity of ACC-1.3 is higher than that of CC-1.3. From 120 °C to 270 °C, there is a mass loss of 1.8% that could be attributed to water molecules that were captured in the carbonaceous matrix. 28 From 270 °C to 850 °C, the mass loss is only 9.7% that could be attributed to the partial decomposition of carbon skeleton; 41 and there is an additional mass loss of 4.6% from 850 °C to 1090 °C. The total mass loss from 270 °C to 1090 °C is 14.3%, however, this mass loss pattern is different from that of CC-1.3. It is observed that the mass loss patterns of ACC-1.3 are gradual and continuous, and different from those of CC-1.3. The useful piece of information obtained from the thermogravimetric analysis is that both CC-1.3 and ACC-1.3 have high content of inorganic matrix.
Taking into account the XRD (Figure 1a ) and TGA/DTA of CC-1.3 (Figure 2a) , it can be concluded that CC-1.3 and ACC-1.3 are not activated carbons, but carbon composite (inorganic + organic) materials.
The SEM images of CC-1.3 and ACC-1.3 are shown in Figure S5 . These images reveal that CC-1.3 and ACC-1.3 have similar textural properties. They lost their fibrous characteristics during pyrolysis. 28 The roughness of the carbon materials are apparent (see Figure S5 ). The striking differences are that the carbon particles of CC-1.3 are of higher dimensions, and the granules are more aggregated. CC-1.3 is more of a crystal. Contrarily, ACC-1.3 has small pieces of carbon with higher void spaces among the particles.
FTIR technique was employed to investigate the functional groups present in CC-1.3 and ACC-1.3 and identify the groups that are responsible for adsorption of RB-19 and RV-5 dyes. The FTIR spectra of the adsorbents were recorded in the range 4000-400 cm −1 (see Figure S6 ). The FTIR spectra of CC-1.3 and ACC-1.3 are somewhat different (see Figure S6) to asymmetric stretch of ester or anhydride; 1720 cm 
26-28
Effects of pH on adsorption
One of the major factors affecting the adsorption of a dye on an adsorbent is the pH of the adsorbate solution. Figure S8 ). Adsorbent with pH value lower than pH pzc value will possess positive surface charge. 9 Both RB-19 and RV-5 dyes have negative charges in solutions (see Figure S1 and S2). Adsorptions of RB-19 and RV-5 will take place when the surface charge of the adsorbent is positive. For CC-1.3, the electrostatic interaction occurs at pH < 12.23, but this interaction takes place at pH < 2.59 for ACC-1.3. However, the lower the pH value from the pH pzc value, the more positive the surface of the adsorbent. 9 The pH of adsorbate solution was fixed at 2.0 for the rest of our experimental work.
The pH values of adsorbate solution after the adsorption experiments were measured. For RB-19 and RV-5 using CC-1.3 adsorbent, the final pH varied from 7.0 to 7.8, and 
Kinetic studies
The kinetic of adsorption of RB-19 and RV-5 dyes onto CC-1.3 and ACC-1.3 are presented in Figures 3 and 4 . Nonlinear pseudo-first order, pseudo-second order and general order kinetic models were used to investigate kinetic of adsorption. Table 2 presents the fitting parameters of the kinetic models. SD was used to evaluate the fit of the experimental data because of the usage of nonlinear kinetic models. The higher the SD value, the higher the difference between the values of theoretical q and experimental q, and vice versa [9] [10] [11] (see equation 5). It is known 42, 43 that the best fit of the results depends on the number of parameters present in nonlinear equations. Because of this established fact, the number of fitting parameters should be taking into consideration while evaluating SD. Therefore, SD used in this work takes into consideration the number of fitting parameters (p term of equation 5). The SD of each model was divided by the SD of the minimum value (SD ratio) to allow comparison of different kinetic models. 13 (ACC-1.3) . Considering the van der Waals surface area of both dyes (see Figures S1 and S2 ) and making a ratio; A RV-5/A RB-19 = 1.14 (A represents van der Walls surface area). The dimension of the dye explains part of the explanation why the kinetic of RB-19 is faster than that of RV-5 dye. The lower the molecular dimension (molecular area), the faster the rate of reaction since the number of effective shocks between the dye molecules and the active sites of the adsorbent will be higher.
The intra-particle diffusion model 32 was used to verify the effect of mass transfer resistance on the binding of RB-19 and RV-5 dyes onto the CC-1.3 and ACC-1.3 (Table 2 and Figures S9 and S10 ). The intra-particle diffusion constant, k id (mg g −1 h −0.5 ) was obtained from the slope of the plot of qt vs. t . The plots of qt vs. t are presented in Figures S9 and S10 with three linear sections for the two dyes onto CC-1.3 and ACC-1.3. These plots revealed that the adsorption processes required more than one adsorption rate.
3,15,24 CC-1.3 and ACC-1.3 showed three stages of adsorption process, each stage is attributed to each linear portion of the plots as shown in Figures S9 and S10 . The first linear section, the fastest sorption stage, can be ascribed to the process in which dye molecules diffuse to the surface of the adsorbents. 3, 15, 24 The second section, a delayed process, can be attributed to intra-particle diffusion. 3, 15, 24 The third section may be regarded as diffusion through smaller pores, followed by the establishment of equilibrium. 3, 15, 24 Perusing at the first point of the third portion, the minimum contact time to attain the equilibrium is 1.0 h for RB-19 dye, but 1.5 h for RV-5 dye. The molecular sizes of the dyes support these observations. The contact time of 2.0 h was used for the rest of our experimental work for the two dyes. The increment in contact time used in this work will ensure attainment of equilibrium by both dyes even at higher dye concentrations. 18, 19 Equilibrium studies Adsorption isotherm gives description of the existing relationship between q e , the amount of adsorbate adsorbed by the adsorbent and C e , the adsorbate concentration remaining in solution after equilibrium is reached at a constant temperature. The adsorption parameters of the equilibrium models provide underlying principles about the adsorption mechanism, surface properties and affinity between adsorbent and the adsorbate. Langmuir, 33 Freundlich, 34 and Liu 35 isotherms were tested in this work. Adsorption isotherms were carried out between 25 °C and 50 °C under the optimum experimental conditions previously discussed above (see Table 3 and Figure 5 ). The adsorption isotherms of RB-19 and RV-5 dyes onto CC-1.3 and ACC-1.3 at 25 °C are shown in Figure 5 . The Liu model best described adsorption of RB-19 and RV-5 dyes onto CC-1.3 and ACC-1.3 at all experimental temperatures based on the SD values presented in Table 3 . The lowest SD value of this model is an indication that the experimental q and the theoretical q of the model are closer.
SD ratio was obtained by dividing the SD of each model by the least SD value. This ratio was used to compare the suitability of equilibrium isotherm models used in this study. The 
Thermodynamics studies
The thermodynamic parameters, Gibb's free energy change (∆G°, kJ mol −1 ), enthalpy change (∆H°, kJ mol −1 ) and entropy change (∆S°, J mol −1 K −1 ), were computed using equations 14-16.
Combination of equations 14 and 15 gives equation 16.
In these equations, R is the universal gas constant (8.314 J K −1 mol −1 ), T is the absolute temperature (Kelvin), K represents that adsorption constants of the isotherm fits (K g , Liu equilibrium constant, which must be converted to SI units using the molecular mass of the dye) obtained from the isotherm plots. Different isotherm models give different equilibrium constants, K. 6, [9] [10] [11] 24, 26, [28] [29] [30] [31] [43] [44] [45] Thermodynamic parameters can also be evaluated from the Liu equilibrium constant, K g . 9, 10, 24, 28, 29, 31 The ∆H° value can be evaluated from the slope of the linear plot of ln(K) versus T −1 while ∆S° value is obtainable from the intercept of the same plot.
The thermodynamic data are presented in Table 4 . The R 2 values of the linear fits are closer to unity, indicating that the calculated values of enthalpy and entropy for both 40 The magnitude of enthalpy change can be used to specify type of interaction between adsorbate and adsorbent. The physical sorption is generally < 35 kJ mol −1 . 46 The values of enthalpy change (∆H°) show that the adsorption processes of the two dyes onto CC-1.3 and ACC-1.3 are exothermic. Negative values of ∆G° imply that the adsorption process is spontaneous as well as a favourable process. The positive values of ∆S° suggest an increase in the randomness at the solid/liquid interface. The water coordinated molecules are displaced by dye molecules, thereby gaining more translational entropy than what is lost by dye molecules (this takes place during adsorption) leading to an increment in randomness of the dye-adsorbent interaction. 47, 48 Simulated dye-house effluents Four simulated dye-house effluents were prepared and used (see Table 1 ) to investigate the capacities of CC-1.3 and ACC-1.3 to remove dyes from real industrial textile effluents. The UV-Vis spectra of the treated and untreated effluents were recorded from 300 to 800 nm ( Figure 6 ). The percentage of the mixture of dyes removed from the simulated dye effluents is a function of the area under the absorption band from 300 to 800 nm. The ACC-1.3 carbon composite adsorbent show excellent performance for the treatment of simulated effluents unlike CC-1.3.
The percentages of removal for ACC-1.3 are 97.71%, 95.30%, 95.31% and 93.38% for effluents A, B, C, and D, respectively. The corresponding percentages for CC-1.3 are 61.58%, 52.15%, 59.72% and 54.37%. The ACC-1.3 carbon composite shows promising performance in the treatment of simulated dye effluents compared with published data using different adsorbents. [9] [10] [11] 24, 26, 28, 31, 43 Based on the simulated effluent data, it is safe to conclude that ACC-1.3 carbon adsorbent can be undoubtedly used for the treatment of industrial or textile effluents. However, CC-1.3 adsorbent showed moderate performance for treatment of simulated dye-house effluents, this performance could be linked to its worse 
Conclusions
A mixture of coffee waste and inorganic components (BT, lime and KOH) were pyrolysed at 700 °C with the inorganic:organic ratios ranging from 1.0 to 2.2 to obtain carbon composites. Adsorbent with the best adsorption capacity was obtained with inorganic:organic ratio of 1.3 (CC-1.3). The CC-1.3 was acidified with a 6 mol L
−1
HCl to produce ACC-1.3 that possessed better textural characteristics (the surface area and total pore volume increased by 10.3-fold and 3.6-fold, respectively). CC-1.3 and ACC-1.3 were utilised for removal of RB-19 and RV-5 dyes from aqueous solutions. The carbon composites were characterised using FTIR spectroscopy (presence of OH of phenol, C=O of ester or anhydride, C−O of carbonate, Si−O of silicate, and aromatics), SEM (showed that the fibrous characteristics of the organic precursor were lost), nitrogen adsorption/desorption curves (surface area, total pore volume and pore size distribution), XRD (a proof that CC-1.3 produced ACC-1.3, a carbon material with lower content of inorganics, when treated with a 6.0 mol L −1 HCl), and TGA analysis (agreed with XRD data). The dyes interacted with CC-1.3 and ACC-1.3 at the solid/liquid interface when suspended in water. The best experimental conditions in term of pH and contact time were established. The general order kinetic model best described the adsorption process. The intra-particle diffusion model gave multiple linear regions, an implication that the adsorption process might follow multiple adsorption rates. The minimum contact time between the dyes and the carbon composites to attain the equilibrium was 1.0 h for RB-19 and 1. Table 1 for composition of effluents. Absorbance Wavelength / nm (d) in the treatment of simulated industrial textile effluents, removing not less than 93.38% of mixture of different dyes in highly concentrated saline media.
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